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(54) Solid electrolytic capacitor 

(57) A solid electrolytic capacitor comprises a ca- 
pacitor element (20) having an anode (1) of a valve ac- 
tion metal, an oxide film layer (2) formed on the surface 
of the anode (1), a solid electrolytic layer (3) formed on 
the oxide film layer (2) and a cathode electrically con- 
nected to the solid electrolytic layer (2), and also a pack- 



aging resin (8) formed to cover the capacitor element 
(20). An intermediate layer (9) to relieve stress is ar- 
ranged in at least one part of the interface between the 
cathode and the packaging resin (8). The intermediate 
layer (9) is deformed and/or peels to relieve stress 
caused by heat applied while mounting the capacitor el- 
ement (20) on a substrate. 
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Description 

[0001] The present invention relates to a solid elec- 
trolytic capacitor including ar anode made of a valve ac- 
tion metal such as aluminum, tantalum or niobium, and 5 
also including a solid electrolyte such as a conductive 
polymer or manganese dioxide 

[0002] A typical solid electrolytic capacitor including a 
valve action metal for an anode is manufactured in the 
following manner. First, an anode is made of a porous *o 
compact of the valve action metal such as a surface- 
roughened aluminum foil or a porous compact of a sin- 
tered powder of a valve action metal such as tantalum 
or niobium. The entire surface of the porous compact of 
the valve action metal is covered with a dielectric oxide '5 
film Secondly, a solid electrolytic layer of a conductive 
polymer such as polypyrrole or manganese dioxide is 
formed on the surface of the dielectric oxide film, and a 
cathodic layer of a carbon layer, a silver layer or the like 
is formed on the solid electrolytic layer. Subsequently, 20 
an anodic extraction terminal is attached to an anodic 
lead by welding or the like, and a cathodic extraction 
terminal is attached to a cathodic layerwith aconductive 
adhesive or the like. Lastly, the entire element is covered 
with a packaging resin from which the cathodic extrac- 2s 
tton terminal and the anodic extraction terminal are par- 
tially exposed to the outside. Alternatively, the solid elec- 
trolytic layer can be connected electrically with the ca- 
tnodic extraction terminal without forming a cathodic lay- 
er. 30 
[0003] Since the packaging resin serves to maintain 
airtightness from the outside, it should be adhered se- 
curely to electrode extraction members at a part to ex- 
tract terminals from the package. Especially, when the 
solid electrolyte is a conductive polymer, insufficient air- 35 
tightness will cause considerable deterioration and thus, 
the electric properties will be difficult to maintain favora- 
bly for a long time. Therefore, for securing the airtight- 
ness. the packaging resin is formed generally from an 
epoxy-based thermosetting resin, using molding (a tip *o 
capacitor) or dipping (a lead capacitor). 
[0004] A solid electrolytic capacitor having a packag- 
ing case is also known. Such a capacitor is manufac- 
tured by inserting an entire element in a case where a 
cathodic extraction terminal and an anodic extraction 45 
terminal are partially extracted outward, and by sealing 
the opening of the case with a resin or the like. 
[0005] A typical solid electrolytic capacitor is mounted 
onto a substrate by soldering or the like to be used. Due 
to heating and cooling in the mounting, distortion occurs so 
inside the solid electrolytic capacitor. This distortion is 
caused by stress due to differences in thermal expan- 
sion coefficients between members including the sub- 
strate, the solder and a temporary-tacking agent previ- 
ously formed on the substrate, and the solid electrolytic 55 
capacitor, and also differences in thermal expansion co- 
efficients between the respective members inside the 
solid electrolytic capacitor. A solid electrolytic capacitor 
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of a case-inserting type as disclosed in JP-A-3-276621 
can absorb distortion in the inner space. However, for a 
dipped product as disclosed in JP-A-5-243096 and a 
molded product as disclosed in JP-A-8-21 3285, the dis- 
tortion due to the thermal stress will cause partial peel- 
ing inside the solid electrolytic capacitor. 
[0006] This peeling occurs where the adhesive force 
(bonding force) is the poorest In a conventional solid 
electrolytic capacitor, peeling often occurs in an inter- 
face between a solid electrolytic layer and a cathodic 
layer, or between a solid electrolytic layer and a cathodic 
extraction terminal. When peeling occurs, efficiency in 
cathode extraction is lowered and electric properties of 
the product will deteriorate. 

[0007] The present invention provides a solid electro- 
lytic capacitor capable of controlling peeling inside an 
element at mounting on a substrate. 
[0008] A solid electrolytic capacitor of the present in- 
vention includes a capacitor element and a packaging 
resin formed to cover the capacitor element, and the ca- 
pacitor element has an anode of a valve action metal, 
an oxide film layer formed on the surface of the anode, 
a solid electrolytic layer formed on the oxide film layer, 
and a cathode electrically connected to the solid elec- 
trolytic layer. The solid electrolytic capacitor is charac- 
terized in that an intermediate layer for relieving stress 
is arranged in at least a part of an interface between the 
cathode and the packaging resin. 
[0009] According to the present invention, peeling of 
the solid electrolytic layer from the cathode can be con- 
trolled since stress occurring is relieved in a region 
where the intermediate layer is formed. 
[0010] FIG. 1 is a cross-sectional view to Illustrate a 
solid electrolytic capacitor according to the present in- 
vention. 

[001 1 ] FIG. 2 is a schematic view to illustrate a capac- 
itor element of the solid electrolytic capacitor in FIG. 1 . 
[0012] FIG. 3 is a cross-sectional view to illustrate an- 
other solid electrolytic capacitor according to the 
present invention. 

[0013] FIG. 4 is a perspective view to illustrate a solid 
electrolytic capacitor according to the present invention. 
[0014] FIG. 5 is a cross -sectional view of the solid 
electrolytic capacitor in FIG. 4 taken along a line IMI. 
[0015] The following is an explanation about prefera- 
ble embodiments in the present invention. 
[0016] A solid electrolytic layer will be peeled off from 
a cathode when a solid electrolytic capacitor is mounted 
on a substrate, because of the difference in the thermal 
expansion coefficients between the members, specifi- 
cally between the packaging resin and the capacitor el- 
ement to be covered with the packaging resin. In other 
words, tensile stress due to applied heat acts so that the 
packaging resin having a relatively large thermal expan- 
sion coefficient will pull outwards the surface layer of the 
capacitor element having a small thermal expansion co- 
efficient. This will cause a peeling between the solid 
electrolytic layer anp! the cathode because the interface 
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between tnen has poor bonding force inside the capac- 
itor element. Moreover, shearing stress will act on the 
interface between the packaging resin and the capacitor 
element due to the difference in the thermal expansion 
coefficient or the like. The shearing stress also will 5 
cause sliding between the solid electrolytic layer and the 
cathode, and this will cause peeling. For controlling the 
peeling, it is requested to relieve these stresses acting 
on the interface between the packaging resin and the 
capacitor element. to 
[0017] An intermediate layer is formed to relieve this 
stress and serves to control distortion occurring due to 
the stress. Preferably, by allowing an enlarging gap be- 
tween a surface of the cathode facing the intermediate 
layer and a surface of the packaging resin, or by allowing '5 
a slip between these surfaces, before relieving the 
stress by peeling inside the capacitor element, the In- 
termediate layer relieves stress occurring by heat due 
to the difference in the thermal expansion coefficients 
of the capacitor element and of the packaging resin. 20 
[0018] The intermediate layer can relieve stress by, 
for example, deforming itself in response to the stress. 
The deformation of the intermediate layer can be an 
elastic deformation or a plastic deformation. The defor- 
mation can be accompanied by internal breakdown 25 
such as delamination inside the intermediate layer. 
When the response of the intermediate layer to stress 
is poor, peeling of the solid electrolytic layer from the 
cathode cannot be controlled sufficiently. Preferably, the 
intermediate layer is deformed easily by an application 30 
of stress smaller than the minimum stress causing a 
peeling of the solid electrolytic layer from the cathode, 
so that the stress can be relieved. 
[0019] For such an intermediate layer, at least either 
a resin layer or a porous compact is preferably used. 35 
There is no specific limitation on the resin layer as long 
as it is deformed to serve for the purpose of the present 
invention, though it includes, for example, a rubber layer 
and a resin layer provided with plasticity. A porous com- 
pact will be deformed easily due to voids inside it. <o 
Though a metallic porous compact can be used, a pref- 
erable porous compact includes resin as the main com- 
ponent. The porous compact can have an asbestos 
structure (aggregation of fibers having open holes), a 
pumice structure (having separate open holes), or even *5 
a net or mesh structure. A porous compact of a pumice 
structure can be formed by forming a resin layer con- 
taining a dispersed foamable resin powder and by foam- 
ing the resin powder. A preferable porous compact is a 
porous resin layer obtained by foaming a foamable resin so 
powder in a supportive resin layer. 
[0020] The intermediate layer can be a multilayer in- 
cluding an interface that is peeled easily. This interme- 
diate layer is deformed by the internal delamination and 
relieves stress. ss 
[0021 ] The intermediate layer can relieve stress also 
by peeling itself at least in parts from the cathode and/ 
or the packaging resin. In this case, it is preferable that 
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the intermediate layer has a poor bonding force in its 
interface with at least one selected from the cathode and 
the packaging resin and that the bonding force is smaller 
than a bonding force between the solid electrolytic layer 
and the cathode. 

[0022] The above-mentioned intermediate layer in- 
cludes at least one selecled from a metal film and a resin 
film. Preferably, the film lies between the cathode and 
the packaging resin without any bonding, or it is stuck 
only partially to the cathode. Considering difficulties in 
keeping the film at a certain position during formation of 
the packaging resin, it is more preferable that the film is 
stuck partially. 

[0023] Another example of intermediate layers is a 
layer that is formed by applying at least one selected 
from an oil and a coupling agent. These materials can 
be applied directly to the cathode or they can be diluted 
with a solvent for application and dried subsequently. It 
is preferable that the oil has a boiling point of not lower 
than 150°C, since a gas generated by heat raises the 
internal pressure and may induce peeling. Since ther- 
mal treatment is carried out in a relatively short time in 
a soldering, a rapid gasification will not occur in oil hav- 
ing a boiling point of not lower than 150°C even if the 
boiling point is equal to or lower than the mounting tem- 
perature (about 230°C). For a coupling agent, there is 
no specific limitation for the boiling point of materials be- 
fore a reaction, since the agent will be coupled to the 
cathode surface by a chemical reaction. The heat resist- 
ance after the reaction is preferably at least 200°C. A 
silicone oil and a fluorine-containing coupling agent are 
preferable for the oil and the coupling agent respective- 
ly 

[0024] A third example of the intermediate layers is a 
layer including at least one selected from a silicone resin 
and a fluorine-containing resin. These preferable mate- 
rials (silicone-based and fluorine-based resins) will 
serve to provide an intermediate layer that can make the 
bonding force between the intermediate layer and either 
the packaging resin or the cathode substantially ignor- 
able. 

[0025] The relief of stress by the intermediate layer 
can be accompanied by both deformation and peeling. 
The deformation and/or peeling can occur only at a part 
of the intermediate layer. For example, the intermediate 
layer can be peeled partially if no peeling occurs inside 
the capacitor element. Even if the stress cannot be re- 
lieved sufficiently only by peeling, the purpose of the 
present invention can be achieved by assisting the relief 
of stress by using the coincident deformation of the in- 
termediate layer. 

[0026] As indicated above, when a solid electrolytic 
capacitor of the present invention is heated for the pur- 
pose of mounting on a substrate etc., the capacitor will 
have a space inside thereof due to peeling in the inter- 
face (or inside) of the intermediate layer. This space 
serves also to relieve internal pressure by a gas gener- 
ated in the capacitpr. It should be especially noted that 
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a solid electrolytic capacitor will have condensation in- 
side wnen it is left in the air for a long time. If such a 
capacitor s healed to be mounted on a substrate. mo«s- 
ure in the capacitor will be gasified rapidly and raises 
ne internal pressure of the capacitor, and this will cause s 
peeling. However, spaces provided by peeling and de- 
formation of the intermediate layer can relieve this inter- 
nal pressure without causing peeling inside the capaci- 
tor element. 

[0027] A solid electrolytic capacitor of the present in- 10 
vention will be described below, referring to the attached 
drawings. 

[0028] A solid electrolytic capacitor shown in FIG. 1 
includes a capacitor element 20 covered with a packag- 
ing resin 8. As shown in FIG. 2, the capacitor element '5 
20 is composed of an anode 1 , a dielectric oxide film 2 
formed on the surface of the anode, a solid electrolytic 
layer 3 formed on the dielectric oxide film, and a cathode 
10 formed on the solid electrolytic layer. 
[0029] In this description, a conductive part (a part ef- 20 
ficiently functioning as an electrode) arranged on the 
solid electrolytic layer is defined as a cathode. In the 
embodiment shown in the drawings, the cathode 10 is 
composed of three layers: a cathodic layer 4, a conduc- 
tive adhesive layer 5 and a part 6a of a cathodic extrac- 25 
tion terminal 6 (FIG. 2). A part 6b in the cathodic extrac- 
tion terminal 6 is not considered as a part of the cathode 
1 0, i.e., the part 6b is not defined as a part of the capac- 
itor element, because the part 6b is used only for ex- 
tracting electrode and does not contribute to power col- 30 
lection from the solid electrolytic layer. 
[0030] The capacitor element 20 is covered as a 
whole with a packaging resin 8 excepting a portion 
where the cathodic extraction terminal 6 (6b) and the 
anodic extraction terminal 7 are extracted outwards 35 
from the capacitor element through the packaging resin 

8 in order to secure electroconductivity. 

[0031 ] An intermediate layer 9 is arranged in a part of 
an interface between the cathode 1 0 and the packaging 
resin 8. The intermediate layer 9, which is arranged to *o 
contact with the cathodic layer 4 in FIG. 1 , alternatively 
can be arranged to contact with the cathodic extraction 
terminal 6a as shown in FIG. 3. Orthe intermediate layer 

9 can be formed on any surfaces of the cathode not 
shown in FIG. 1 or FIG. 3. For example, an intermediate 45 
layer 9 can be arranged at a position indicated in FIG. 

5 showing a cross section taken along a cross direction 
of the solid electrolytic capacitor (a cross-section taken 
along a line ll-ll of FIG. 4 as a perspective view). The 
intermediate layer 9 is arranged at the left side in FIG. so 
5, but it can be arranged at the right side or at the both 
sides. Alternatively, intermediate layers shown in FIGs. 
1 , 3 and 5 can be combined for use. In such a case, the 
intermediate layers 9 can be linked with each other at 
the comers. FIGs. 1 and 3 correspond to the cross sec- ss 
tion of FIG. 4 taken along a line M. 
[0032] As mentioned above, there is no limitation on 
a region to form an intermediate layer 9. However, the 



packaging resin is controlled from expanding in a direc- 
tion perpendicular to surfaces 8a. 8b in which extraction 
terminals 6 and 7 are exoosed respectively when com- 
pared to expansion in any other directions, because the 
pair of extraction terminals are adhered to the surfaces 
8a. 8b. Shearing stress between the capacitor element 
and the packaging resin in a direction parallel to the sur- 
faces 8a. 8b also is controlled due to the extraction ter- 
minals 6 and 7. In such a typical tip capacitor, the anodic 
extraction terminal and the cathodic extraction terminal 
are extracted to cover at least partially a pair of opposing 
outer surfaces of the packaging resin. For such a ca- 
pacitor, an intermediate layer 9 is preferably formed in 
at least one part of an interface arranged in a direction 
substantially perpendicular to the pair of outer surfaces 
(an interface not parallel to a surface with exposed ter- 
minals). 

[0033] The respective members are further explained 
in the following. 

[0034] The anode 1 is made of a valve action metal. 
Preferably, aluminum, tantalum or niobium can be used 
for the valve action metal. Though omitted from the 
drawings, the anode is a porous compact provided with 
numbers of micro-holes or pores communicating with 
the outer surface. 

[0035] When aluminum is used for the anode, an alu- 
minum foil can be roughened by etching or the like to 
be provided with numbers of micropores. When tanta- 
lum or niobium is used, a porous compact can be pre- 
pared by press-molding a powder of the valve action 
metal before sintering. Orthe valve action metal powder 
can be applied as a sheet and sintered to provide a po- 
rous compact. These porous compact foils can be rolled 
or laminated for use. 

[0036] The dielectric oxide film layer 2 can be formed 
by anodizing the surface of a porous compact of a valve 
action metal. Though this is also omitted from the draw- 
ings, the dielectric oxide film layer is formed in general 
on the entire surface of the valve action metal and aJso 
on the surface of the micro-pores provided to the porous 
compact, excepting the anodic lead part for connecting 
with the anodic extraction terminal. 
[0037] The solid electrolytic layer 3 can be formed 
from manganese dioxide or a conductive polymer ma- 
terial. This layer is formed also inside the micro-holes 
of the porous compact, though this is also omitted from 
the drawings. Though there is no specific limitation, con- 
ductive polymers such as polypyrrole, polyaniline, and 
polythiophene can be used preferably for the solid elec- 
trolyte. 

[0038] The cathodic layer 4 can be made of a carbon 
layer, a silver layer or the like, for collecting electric ca- 
pacity extracted by the solid electrolytic layer. The ca- 
thodic layer is formed on the foil surface when the valve 
action metal porous compact as an anode is composed 
of a foil. However, when the porous compact is a roll or 
a laminate of foils, the cathodic layer can be formed on 
the outer surface qj the entire porous compact. When 
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tne oorous compact is composed of a sintered powder, 
tne cathodic layer will be formed on the outer surface. 
[0039] The cathodic layer is not an essential element. 
Depending on the structure and materials, the solid 
electrolytic layer 3 can be bonded directly to the cathode 
extraction terminal 6. In tnis case, a limited region cor- 
responding to the pan 6a of the above-mentioned ca- 
tnodic extraction terminal will be the cathode. 
[0040] The cathodic extraction terminal 6 is bonded 
to the cathodic layer in general via a conductive adhe- 
sive layer 5 like a silver-based adhesive. When the ca- 
thodic extraction terminal is bonded directly to the solid 
electrolytic layer, the conductive adhesive layer also can 
be omitted. 

[0041 ] The anodic extraction terminal 7 is bonded by 
welding or the like at the anodic lead part where no di- 
electric oxide film layers are formed. 
[0042] The packaging resin 8 covers the capacitor el- 
ement and seals the entire element excepting where the 
cathodic extraction terminal 6 and the anodic extraction 
terminal 7 pass through. An epoxy resin is used prefer- 
ably for the packaging resin. Preferably, the packaging 
resin is formed by molding or dipping. 
[0043] After forming the packaging resin, the extract- 
ed terminals are folded in a predetermined direction so 
that a solid electrolytic capacitor shown in any of the 
drawing is obtained. An additional external terminal to 
be connected with the terminals can be provided. 
[0044] There is no specific limitation for the area to be 
formed with the intermediate layer, however, the area 
accounts tor preferably at least 10%, especially at least 
25% of the interface between the capacitor element and 
the packaging resin. Accordingly, stress can be relieved 
to a sufficient level. 

[0045] As shown in the drawing, it is preferable to ar- 
range the intermediate layer 9 contacting with the ca- 
thodic layer 4 when the cathode includes the cathodic 
layer 4 as a conductive layer formed on the solid elec- 
trolytic layer and the part 6a of the cathodic extraction 
terminal bonded to the cathodic layer. 
[0046] The present invention will be further described 
below by referring to some examples, though the exam- 
ples are not intended to restrict the present invention. 

(Comparative Example) 

[0047] First, for a comparison, a solid electrolytic ca- 
pacitor was manufactured without providing any inter- 
mediate layers. 

[0048] A tantalum powder was molded with a lead and 
sintered to form a valve action metal porous compact of 
1.4mmX3.0mmX3.8mm. Next, the entire surfaces in- 
cluding the surfaces of the open holes on the porous 
compact were anodized excepting lead tips with a for- 
mation voltage of 30V in an aqueous solution of phos- 
phoric acid so as to form a dielectric oxide film layer. 
Subsequently, a solid electrolytic layer of potypyrrole 
was formed by a chemical oxidative polymerization of a 



pyrrole monomer on the surface of the dielectric oxide 
film layer including the inner surfaces of the pores. 
[0049] A carbon layer and a silver layer were laminat- 
ed on the solid electrolytic layer applied to the outer sur- 

5 face of the porous compact. These layers serve as ca- 
thodic layers. Then, a cathodic extraction terminal is ad- 
hered with a silver-based adhesive (a conductive adhe- 
sive) to the cathodic layer, while an anodic extraction 
terminal is bonded by welding to a lead of the porous 

io compact of the valve action metal as an anode. Further, 
a packaging resin was formed by transfer-molding of an 
epoxy-based resin. Exposed portions of the cathodic ex- 
traction terminal and the anodic extraction terminals 
were folded so that a solid electrolytic capacitor having 

'5 an appearance similar to that of FIG. 4 was obtained. 

(Example 1 ) 

[0050] A solid electrolytic capacitor was obtained in 
the same way as in the Comparative Example except 
that a polyisoprene rubber sheet 20u,m in thickness was 
stuck as an intermediate layer to a part of the cathodic 
layer surface. The entire rubber sheet was stuck to the 
cathodic layer with an adhesive. The intermediate layer 
of the rubber sheet was stuck to a region shown in FIG. 
1 . This region accounts for about 25% of the interface 
between the capacitor element and the packaging resin. 

(Example 2) 

[0051] A solid electrolytic capacitor was obtained in 
the same way as in the Comparative Example except 
that an epoxy resin film 25um in thickness was formed 
as an intermediate layer in a part of the cathodic layer 
surface. An oil was applied previously to the epoxy resin 
to provide plasticity and soften the same. The entire 
epoxy resin film was stuck to the cathodic layer with an 
adhesive. Similar to Example 1 , the intermediate layer 
of the epoxy resin film was stuck to a region shown in 
FIG. 1. 

(Example 3) 

[0052] A solid electrolytic capacitor was obtained in 
the same way as in the Comparative Example except 
that a porous resin sheet 50um in thickness was ar- 
ranged as an intermediate layer in a part of the cathodic 
layer surface. The porous resin sheet was formed by 
preparing a resin solution by dissolving a butyral resin 
and dispersing a foamable resin powder in a solvent 
(butyl acetate), applying the resin solution on the ca- 
thodic layer, and further by heating to evaporate the sol- 
vent and also to foam the foamable resin powder. The 
foamable resin powder is made of microcapsules of hy- 
drocarbon with a low boiling point filled in hulls of a ther- 
moplastic resin ("MicropearT produced by Matsumoto 
Yushi-Seiyaku; average particle diameter is 1 0|im). The 
resin was heated a,t 120°C. Similar to Example 1, the 
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intermediate layer of the porous resin sheet was formed 
in a region shown in FIG 1 

(Example 4) 

[0053] A solid electrolytic capacitor was obtained in 
the same way as in the Comparative Example except 
that a porous resin sheet 50um in thickness was ar- 
ranged as an intermediate layer in a part of a surface of 
the cathodic extraction terminal composing a part of the 
cathode. The porous resin sheet was formed in the 
same way as in Example 3. The intermediate layer of 
the porous resin sheet was formed in a region shown in 
FIG. 3. This region accounts for about 25% of the inter- 
face between the capacitor element and the packaging 
resin. 

(Example 5) 

[0054] A solid electrolytic capacitor was obtained in 
the same way as in the Comparative Example except 
that a polyimide film 25|im in thickness was formed as 
an intermediate layer in a part of the cathodic layer sur- 
face. The polyimide film was stuck to the cathode with 
an adhesive at only both ends but not over the whole 
surface. Similar to Example 1, the intermediate layer of 
the polyimide film was formed in a region shown in FIG. 
1. 

(Example 6) 

[0055] A solid electrolytic capacitor was obtained in 
the same way as in the Comparative Example except 
that a polyimide film 25u.m in thickness was formed as 
an intermediate layer in a part of a surface of the ca- 
thodic extraction terminal composing a part of the cath- 
ode. The polyimide film was stuck to the cathode with 
an adhesive at only both ends but the surface thereof 
was not fixed entirely. Similar to Example 4, the inter- 
mediate layer of the polyimide film was formed in a re- 
gion shown in FIG. 3. 

(Example 7) 

[0056] A solid electrolytic capacitor was obtained in 
the same way as in the Example 6 except that the ca- 
thodic extraction terminal and the anodic extraction ter- 
minal were folded in a direction opposite to the direction 
shown in FIG. 3. 

(Example 8) 

[0057] A solid electrolytic capacitor was obtained in 
the same way as in the Comparative Example except 
that a silicone resin film 10ujti in thickness was formed 
as an intermediate layer in a part of the cathodic layer 
surface. Similar to Example 1, the intermediate layer of 
the silicone resin film was formed in a region shown in 



FIG. 1. 
(Example 9) 

5 [0058] A solid electrolytic capacitor was obtained in 
the same way as in the Comparative Example except 
that a silicone oil was applied as an intermediate layer 
to a part of the cathodic layer surface. Similar to Exam- 
ple 1, the intermediate layer of the silicone oil was 

io formed in a region shown in FIG. 1 . 

(Example 10) 

[0059] A solid electrolytic capacitor was obtained in 
15 the same way as in the Comparative Example except 
that a silane coupling agent having a fluorine-modified 
end was applied as an intermediate layer to a part of the 
cathodic layer surface. This intermediate layer was 
formed by applying a solvent (isopropyl alcohol) con- 
20 taining the silane coupling agent of about 3 weight % to 
the cathodic layer and by heating to evaporate the sol- 
vent. The intermediate layer of the silane coupling agent 
was formed in the region shown in FIG. 1 . 

25 (Example 11) 

[0060] A solid electrolytic capacitor was obtained in 
the same way as in Example 10 except that the inter- 
mediate layer was formed in a region shown in FIG. 5. 

30 This region accounts for about 1 0% of the interface be- 
tween the capacitor element and the packaging resin. 
[0061] Equivalent series resistance (ESR) values for 
the solid electrolytic capacitors obtained in the respec- 
tive examples were about 30mft. 

35 [0062] These solid electrolytic capacitors were fixed 
at the centers of the bottom surfaces (the sides with fold- 
ed terminals) to mounting substrates with a setting resin 
for temporary tacking, and mounted by a solder reflow. 
In the solder reflow, the total process time including ris- 

*o ing-and-falling temperature was determined to be 3 min- 
utes, and retention time at a highest temperature of 
230°C was determined to be 10 seconds. This heat 
treatment test was carried out for groups of 1 00 capac- 
itors in the Comparative Example and in every Example, 

<5 and ESR was measured again after the solder reflow. 
[0063] The following table shows the number of ca- 
pacitors in which ratio of R1 (post-reflow resistance) to 
R0 (initial resistance) was increased to at least 1 .5 times 
but not more than twice, and also the number of capac- 

50 itors in which the same ratio exceeded twice. 



Samples 


1.5<SR1/R0<2 


R1/R02>2 


Comparative Example 


28 


40 


Example 1 
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Example 2 
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Example 3 


3 


0 
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Samples 


1 5<R1/R0<2 


R1/R0>2 
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11 
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Example 5 
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Example 6 


15 


8 


Example 7 


12 
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Example 8 
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Example 9 
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0 


Example 1 0 


0 


0 


Example 11 


1 


0 



[0064] These results show that formation of an inter- 
mediate layer serves to control deterioration in the elec- 
tric properties of a solid electrolytic capacitor caused by 
heat at mounting. 

[0065] Internal structures of the capacitors after the 
reflow also were examined. This examination was car- 
ried out by implanting the capacitors in a wrapping resin, 
setting the resin, and observing with a scanning electron 
microscope (SEM) the samples that were polished to 
expose the capacitor cross sections. Capacitors having 
the above ratio (R1/R0) of less than 1 .5 times were used 
for the sample of the Examples. All capacitors were ob- 
served for the Comparative Example. 
[0066] In the capacitors of Comparative Example, 
many peelings occurred in the interfaces between the 
solid electrolytic layers and the cathodic layers. 
[0067] For the capacitors of Examples 1 -4, no peeling 
was found inside the capacitors. It is considered that the 
deformed intermediate layers relieved stress that would 
cause peeling of the solid electrolytic layers from the ca- 
thodic layers in these capacitors. 
[0068] In Example 5, peeling was found in the inter- 
face between the cathodic layer and the Intermediate 
layer (film), but no peeling was found in the Interface 
between the solid electrolytic layer and the cathodic lay- 
er. In Examples 6 and 7, there was peeling between the 
cathodic extraction terminal and the intermediate layer 
(film). In Example 8, peeling was observed in both the 
interfaces between the intermediate layer and the ca- 
thodic layer and also between the intermediate layer 
and the packaging resin. In Examples 9, 10 and 11, 
there was peeling between the packaging resin and the 
cathodic layer. Existence of an oil layer and of a layer 
of silane coupling agent was not confirmed in an obser- 
vation with a SEM. The reason is considered as that 
these layers are thin and attached to a peeled surface. 
In Examples 9-11, however, peeling was confirmed to 
have occurred at parts where intermediate layers (an oil 
layer or a coupling agent layer) were formed. It is con- 
sidered that peeling occurred in the interfaces between 
the capacitor elements and the packaging resins in Ex- 
amples 5-11 , and the peeling relieved stress that would 
cause peeling of the solid electrolytic layers from the ca- 
thodic layers. 



[0069] The aoove results show that a high effect in 
controlling ESR from rising, i.e . a high effect in control- 
ling peeling inside an capacitor element, was obtained 
for a capacitor having a peel-able intermediate layer 
formed to be contacted with the cathodic layer. This ten- 
dency will be remarkable especially when a solid elec- 
trolytic capacitor has absorbed moisture. The reason is 
as follows. Internal pressure inside the capacitor ele- 
ment is raised when moisture kept in the solid electro- 
lytic layer is gasified by applying heat. However, this can 
be relieved by peeling the intermediate layer from the 
cathodic layer. 

[0070] In capacitors described sn Examples 5 and 9, 
the intermediate layers will be especially easy to peel 
off from the cathodic layers. In these capacitors, deteri- 
oration in the properties can be controlled even if a gas 
is generated rapidly from the solid electrolytic layers. 
Similarly, capacitors having thin intermediate layers with 
a gas permeability as described in Examples 9 and 10 
will have a great ability to control deterioration in the 
properties even if gases are generated rapidly. 
[0071] The above results indicate that the direction to 
fold the extraction terminals also caused a difference in 
the effect to control peeling. The reason is considered 
as that a distribution of stress inside a capacitor differs 
depending on the direction to fold the terminals. 
[0072] The above-mentioned Examples relate to solid 
electrolytic capacitors having cathodic layers. However, 
a similar effect to control peeling was obtained in a solid 
electrolytic capacitor in which no cathodic layer was 
formed but a cathodic extraction terminal was bonded 
directly to a solid electrolytic layer. Though the Exam- 
pies relate to molded products, similar effects were ob- 
tained in dipped products. Furthermore, though the 
above Examples relate to tantalum solid electrolytic ca- 
pacitors, similar effects were obtained in aluminum solid 
electrolytic capacitors or the like. Also, though the above 
solid electrolytic capacitors relate to solid electrolytic ca- 
pacitors including potypyrrole as a solid electrolyte, 
some other solid electrolytes can provide similar effects. 
[0073] Though the above Examples relate to effects 
of solid electrolytic capacitors configured as shown in 
the drawings, the structures are not limited thereto. For 
example, similar effects are obtainable for a capacitor 
in which both the extraction terminals are extracted in 
the same direction. In this case, a pair of extraction ter- 
minals will not limit the opposing surface of the solid 
electrolytic capacitor, and thus, the opposite surface will 
be subject to an influence of heat and expansion. There- 
fore, considerable effects can be obtained if an interme- 
diate layer is provided to a capacitor element surface 
parallel to the surface opposite to the extraction termi- 
nals. 



Claims 

1 . A solid electronic capacitor comprising: 
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a capacitor element having an anode of a valve 
action metal, ah oxide film formed on the sur- 
face of the anode, a solid electrolytic layer 
formed on the oxide film layer, and a cathode 
electrically connected to the solid electrolytic s 
layer; and 

a packaging resin formed to cover the capacitor 
element. 

wherein an intermediate layer for relieving stress is to 
arranged in at least a part of an interface between 
the cathode and the packaging resin. 

2. The solid electrolytic capacitor according to claim 

1 , wherein the intermediate layer can be deformed is 
by applying stress that is smaller than the minimum 
stress that causes peeling between the solid elec- 
trolytic layer and the cathode so as to relieve the 
stress. 

20 

3. The solid electrolytic capacitor according to claim 
1 , wherein the intermediate layer is at least one se- 
lected from a resin layer and a porous compact. 

4. The solid electrolytic capacitor according to claim 25 
3, wherein the porous compact is a porous resin lay- 
er obtained by foaming a foamable resin powder in 

a supportive resin layer. 

5. The solid electrolytic capacitor according to claim 30 
1 , wherein the intermediate layer has a bonding 
force that is smaller than a bonding force between 

the solid electrolytic layer and the cathode in the In- 
terface between the intermediate layer and at least 
one selected from the cathode and the packaging 35 
resin. 

6. The solid electrolytic capacitor according to claim 
5, wherein the intermediate layer comprises at least 
one selected from a metal film and a resin film. 40 
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containing resin. 

11. The solid electrolytic capacitor according to claim 
1 . wherein the intermediate layer is arranged in a 
region accounting for at least 10% of the interface 
between the capacitor element and the packaging 
resin. 

12. The solid electrolytic capacitor according to claim 
1 , wherein the cathode includes a cathodic layer as 
a conductive layer formed on the solid electrolytic 
layer and also a part of the cathodic extraction ter- 
minal connected to the cathodic layer, and the in- 
termediate layer is arranged contacting with the ca- 
thodic layer. 

13. The solid electrolytic capacitor according to claim 
1 , further comprising an anodic extraction terminal 
connected to the anode and a cathodic extraction 
terminal connected to the cathode, and the anodic 
extraction terminal and the cathodic extraction ter- 
minal are extracted onto a pair of opposing outer 
surfaces of the packaging resin, and an intermedi- 
ate layer is arranged in at least one part of an inter- 
face arranged to be substantially perpendicular to 
the pair of outer surfaces. 

14. The solid electrolytic capacitor according to claim 
1 , wherein the solid electrolytic layercontains a con- 
ductive polymer. 

15. A solid electrolytic capacitor provided by heating the 
solid electrolytic capacitor according to daim 1 so 
that peeling occurs in the interface between the ca- 
pacitor element and the packaging resin in at least 
a part of the region in which the intermediate layer 
is arranged. 



7. The solid electrolytic capacitor according to claim 
6, wherein the intermediate layer is stuck only par- 
tially to the cathode. 

45 

8. The solid electrolytic capacitor according to claim 
5, wherein the intermediate layer is formed by ap- 
plying at least one selected from an oil and a cou- 
pling agent. 

50 

9. The solid electrolytic capacitor according to claim 
8, wherein the intermediate layer is formed by ap- 
plying at least one selected from a silicone oil and 
a fluorine-containing coupling agent. 



10. The solid electrolytic capacitor according to claim 
5, wherein the intermediate layer contains at least 
one selected from a silicone resin and a fluorine- 
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